Calix [n]arene is a macrocyclic polyphenol in which n moles of phenol are combined with n moles of a methylene group, which is known as a new functional compound that can recognize molecules and ions by hydroxyl and/or by phenyl groups arranged on a molecular rim, or by a molecular cavity, making for a useful separation and analytical reagent. 1 pSulfonatocalix[n]arene in which n moles of a sulfonic acid group are introduced to a p-position of each phenol group, is soluble in water, and increases the acidity of hydroxyl groups and the reactivity with metal ions in aqueous solution. 2, 3 p-Nitrocalix [6] arene (CALX-N6, L), which has 6 moles of a nitro group to the p-position of each phenol group, as indicated in Fig. 1 , increases the acidity of hydroxyl groups to pKa1 = 2.72, pKa2 = 5.71 and pKa3 = 11.6, 4 like p-sulfonatocalix [6] arene, CALX-S6 (pKa1 = 3.28, pKa2 = 4.86 and pKa3 = 11.5). 5, 6 Although these are the values in 4% (v/v) acetone aqueous solution, because CALX-N6 is insoluble in water, the acid dissociation behavior is very similar to that of CALX-S6. Therefore, it can also be estimated that the property of CALX-N6 as a ligand resembles that of CALX-S6. As reported in a previous paper, 4 CALX-N6 formed four kinds of protonated 1:1 uranyl complex species similar to CALX-S6. In the present study, the complex formation of CALX-N6 with a series of rare earth metal ions was investigated, and it was found that CALX-N6 reacts with rare earth metal ions to form a 1:1 complex, ML, with light rare earth metal ions (M 3+ ) and a 1:2 complex, ML2, with heavy M 3+ . Their conditional stability constants at about 25˚C were determined.
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Experimental
Reagents and solution CALX-N6 was prepared by the nitration of CALX-S6 with HNO3 according to a method reported by Shinkai et al., 7 and was confirmed to be CALX-N6 by elemental analysis, 1 H-NMR and IR. This was dissolved in acetone, and then diluted with water to make an acetone aqueous solution of the appropriate concentration.
Chlorides or nitrates of rare earth metal ions (M 3+ ) were obtained from Wako Junyaku Kogyo Co., in analytical reagent grade. These were dissolved to make 0.01 mol dm -3 aqueous solutions, standardized by a titration method using a standard EDTA solution, then appropriately diluted and used to study the complex formation reaction with CALX-N6. Other reagents such as tartaric acid and EDTA, and solvents, such as acetone, were also obtained from Wako, and were of analytical reagent grade.
The absorption spectra were measured using Shimadzu UV-2450 and UV-180 spectrophotometers with a 1 cm light pass length quartz cell. The solution pH was measured using a Horiba F-21 pH meter.
Binding ratio of the metal complex
Into a 25 or 50 cm 3 measuring flask, calculated amounts of CALX-N6, M 3+ and pH buffer solution (pH 10) were added and diluted to the mark with deionized water and left in a temperature-controlled room at about 25˚C. After standing for 48 h, the absorption spectrum of each sample solution was measured at 350 -600 nm. The absorbance at the absorption maximum of the metal complex was plotted for the mole ratio,
Measurements of conditional stability constants
Into a 25 cm 3 measuring flask, 10 cm 3 of (1 -500) × 10 -4 mol dm -3 tartaric acid, 2 cm 3 of (5.0 -1.0) × 10 -4 mol dm -3 M 3+ and 5 cm 3 of 0.5 mol dm -3 NH4OH-NH4Cl pH buffer solution (pH 10) were taken. After standing for 2 h, 2 cm 3 of a 50% acetone Fig. 1 Structure of p-nitrocalix [6] arene, CALX-N6 (L).
aqueous solution containing 1.0 × 10 -4 mol dm -3 CALX-N6 was added and diluted to the mark with deionized water, and left for 48 h to attain reaction equilibrium in the temperature-controlled room.
The absorption spectrum was measured at 300 -600 nm using a 4% (v/v) acetone aqueous solution as a reference. In these solutions, the mole ratio of CALX-N6:tartaric acid:M 3+ was adjusted to be 1:40 . It was confirmed in advance that the ligand displacement reaction in these sample solutions reached equilibrium after 48 h of standing. The absorption spectra of CALX-N6, tartaric acid and M 3+ complexes of these ligands were also measured, respectively, and their molar absorptivities were determined beforehand. Figure 2 shows the absorption spectra of mixture solutions of CALX-N6 and various amounts of La 3+ at 350 -450 nm in a 4% (v/v) aqueous acetone solution. The thin yellow color of the CALX-N6 solution changed to red-brown when La 3+ was added due to an increase in the absorbance at 426 nm. Figure 3 shows that the absorbance at 426 nm increased linearly in proportion to the mole ratio of La 3+ up to 1, and at [La 3+ ]/[CALX-N6] > 1 it become a completely constant value, 0.820. This indicates that a 1:1 complex, ML, of very large stability was formed. The presence of an isobestic point at 378 nm, as shown in Fig. 2 , indicates that one kind of CALX-N6 complex was mainly formed. A similar change in the absorption spectra and the dependency of the absorbance on mole ratio were also obtained in the complex formation reaction of CALX-N6 with Pr 3+ and Nd 3+ . When [La 3+ ] < [CALX-N6], small differences in the absorbance were observed at the isobestic point (Fig. 2) . This may have been due to the formation of very small amounts of ML2. In addition, the effect of solid metal hydroxide must be Although Ce 3+ also become discolored similarly to red-orange, the inflection point at a 1:1 mole ratio in the mole-ratio plot was obscure, and the absorbance gradually increased with an increase of the mole ratio after the inflection point. In addition to these facts, there was no isobestic point in the absorption spectra of a series of mixture solutions of Ce 3+ and CALX-N6. Thus, it can be concluded that more than two kinds of complex were formed as the main components between CALX-N6 and Ce
Results and Discussion

Binding ratio of CALX-N6 with rare earth metal ions
3+
. The absorption spectra of CALX-N6 in the presence of various amounts of Yb 3+ showed an isobestic point at 370 nm, and the absorbance at 404 nm due to the resultant complex increased with Yb 3+ up to the mole ratio [Yb 3+ ]/[CALX-N6] = 0.50, and afterwards it became constant up to 2, indicating the formation of a ML2 complex. The isobestic point at 370 nm was not clear when it was observed in detail, as in the case of Fig. 2 . This seems to be due to the presence of small amounts of ML and metal hydroxide in the solutions of [Yb 3+ ]/[CALX-N6] > 0.5; however, the constant absorbance of such solutions at 404 nm indicates that ML2 is a predominant complex and both metal hydroxide and ML are negligibly small species. The same binding ratio of CALX-N6 with Yb 3+ , 1:2, was also clearly confirmed by the continuous variation method. The same result was obtained with some other heavy rare earth metal ions examined in the present study, such as Sm 3+ , Dy 3+ , Er 3+ and Y
. Thus it was concluded that heavy rare earth metal ions form predominantly a 1:2 complex, ML2, with CALX-N6.
Conditional stability constants of CALX-N6 with rare earth metal ions
The conditional stability constant of CALX-N6 with M 3+ at a constant pH was measured by the ligand displacement method using a competitive reaction with tartaric acid. Tartaric acid was selected because it forms only a colorless 1:1 complex with a series of rare earth metal ions and their stability constants have been reported. 8 Figure 4 shows the absorption spectra of the CALX-N6-La 3+ 458 ANALYTICAL SCIENCES MARCH 2006, VOL. 22 complex in the presence of various amounts of tartaric acid, T, in a 4% (v/v) acetone aqueous solution (pH = 9.65 ± 0.15). The absorption peak of the CALX-N6-La 3+ complex did not shift with the concentration of T, and the absorbance was inversely proportional to the concentration of T. There is an isobestic point at 382 nm. These facts indicate that a ligand displacement reaction (1) takes place, MT + nL / MLn + T.
(1)
The equilibrium constant, Kd, for Eq. (1) is called the relative stability constant, which is given by
Conditional stability constants of MT and MLn are given as follows:
From Eqs. (3) and (4), we obtain
Kd was measured by the following method. The total concentration of tartaric acid, CALX-N6 and the rare earth metal ion are given by CT, CL and CM, respectively. The free metal ion concentration, [M] , in the reaction mixture can be disregarded because CT >> CM and K′MT is sufficiently large for every M
3+
. Then, the following equations can be obtained:
The absorbance of the sample solution, Abs, is given as follows when it is measured in a 1 cm optical path length cell:
Here, εT, εL, εMT and εMLn are the molar absorptivities of T, L, MT, and MLn. By substituting Eqs. (6), (7) and (8) including Y 3+ complexes, K′ML2 was calculated based on n = 2, according to the composition of each complex (shown in Table  1 ). There is no data for Ce 3+ ; an analysis of the spectral data was impossible because more than two kinds of complexes seemed to be formed. K′ML increased in the order La 3+ < Pr 3+ < Nd 3+ with increasing atomic number of M
. K′ML2 for Sm 3+ -Lu 3+ and Y 3+ complexes also increased almost in the order of the atomic number of M 3+ . Such a trend is usually observed in a series of rare earth metal complexes of a given ligand.
